
UNCLASSIFIED

AD NUMBER

AD456044

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Notice: All release of this document is
con-trolled. All certified requesters
shall obtainrelease approval from rmy
Engineer Research andDevelopment Labs.,
Fort Belvoir, Va. 20315.

AUTHORITY

TACOM-ARDEC, per DTIC Form 55, dtd 11 Feb
2002

THIS PAGE IS UNCLASSIFIED



UNCLASSIFIED

AD,4 5 6 0 4 4 -
AD4504

DEFENSE DOCUMENTATION CENTER
FOR

SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION ALEXANDRIA, VIRGINIA

UNCLASSIFIED



NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; w-id the fact that the Govern-
ment may have formulated, furnished, or in any way
supplied the said dravings, specifications, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.



HOWARD UNIVERSITY
DEPARTMENT OF CHEMISTRY

Lu

C--

C-5

h- u 1  DDC 'AVAILATITLTTY NOTICE

All dhUtribmition of this report i. con-
trolled. Qualifiud J)DC' ,v1hould

requeok through Commanding Officer, USAERD-

Ft. Belvoir, Virginia.

DDC

FEB 816

cm g
WAsnimNToN, D. C.

TjlE VIEWS CONT•'7" HER•EIN 1rmESENm

ONLY TtI' "'T." " 7"1 PREPARING AGENCP

AND 11J•IAV ! T B APPROVED BY TH19

)DEPARL;MzN; J? j-H AI{M' .



THIRD QUARTERLY REPORT

I October 1963 to 1 January 1964

MrCROWAVE SPECTRA AND DIELECTRIC

PROPERTIES OF VARIOUS AZIDES

Contract DA-44-0O9-AMO-219T

U. So Aray Enginoer Research and Dovololinont laboratories

F'ert Belvoirp Virginia

This report is intended for use only of the addressee
and neither it nor any of its contonts may be roleased to
any other organization without the prior consent of the
Director, USALRDLe

Submitted by:

Clarence P. Carter and George CG Turrell
Department of Chemistry
Howard University
Washington, D. C. 20001



N C)

C) Ut t

4-)Qt) viC'I ~~ U)cU24Q 0 U
w0 0- P- N 'j '0 to --- C)C

P- I 1S~ -1 Z4o -Z$O

0) 0000 0 C) dOa Q)4w .tl _ 4 - C,
- N o~5~ r4 X .l

0) b00 0*'HGc C

NC) r) ý- m >)- - -

0 N -4~ 0 0 d ~ ' j m0 b4- 
n

C, o. c ' 
C)d~ ~ g O t; 00 0 CiC)

0)0 to zU) CY 0

nc (1 0 3 o~iTH2
U-)O) ') t)

UC~ -OO;-iC))U
C) C~)0 o- -i' C 0)C)0

-4 -'A 0 .3ý "H C .
5L >H I4 Q-) Q)

? A .Q4 . "1 bO c00
fl~u Ul ;'ý :i -q'U~H0 c .. ) 5 i 5

0m H1 0 C 1 0 H a) H oc~ 
4  

oO

U)

0) C

14 VJ; 4 c

0 - 4,A - -0- 0pi a) 0C ~ -4O
V)- M~~. H4 a)0 d-.'-'H c

'0d clc tor ZZ -c -C,ýv

I CD. c 01 0-) 034, 0 A4 0) C. 4ý M

'HWS4~~C' C))- -' .

C) cl0~ U))t I -I
04 I

rz0 .- 0- *p , I *1 -1U 04 C ID
Q) . . C) 4 4 Id ý- o C' H c-4

ci0 w-)~I 4- ' (1 * 0
0, C-r .4 , O 0 C, S4

(n t J),4 ' 0 A: bw 0 Hc ' C C)
(n PC-. , >0 ý4 Z)S g)> C)tPi - 0 0 '

-4 0,)C Ca" C) C4-H ot
IlO Q) Q'H !zn N w~-' ~

¾ ,C 7ý ; .< J -4 o

ccý u)' I 0 -uti i.4

I~ ~ ~ c Co)*)4-cQ C) )> O

I~~~ c-.LA I VCý QO a -- ' ~
ca4ý 4 fc .3 ji4 ca bba2 o.

c:: .0 0)t,0 c, . - 0 E4 'Hý oý 0 a-
r ~ ~ ~ -0 E0 r-' 'H Hz C)C0..' j I < -- A O 0



Dielectric Constants of the Lead Azides

In a previous report dotails were 4iven of the miothod used

for mieasuring the shirLt in the rescanca f.'requorcy of a ca.vityr di. to

tLe introduction oP a small rod of a dielectric matcrial. It was

shoua ho.w this frequency, slIft is rolated to the real 7mrt of the

dielectric constant of the itIherial*

The method of determInf the chbnmgo in the Q'a of the cavity

and .the relationship between these wtd the ii-r,,,nary dielectric ccmstent

ofthto material were also quantitatively given. Zxpcrr:iental data

were !;reuenied on one s&...ple of polystyrene and one sanpla of load

azide in the frequency range 39-42 Kmc. Vie prec imi of the dnta vias

diocunsed in the caso in which the same s:,ile is used throughout a

series of measurmeonts.

In this report the daota have been e-:tended to include several

am.-ples oef polystyrene and lead azide in ti'e frctruerci- runge 39-49

Inpo These resiults indicaSe the effect of s .9Le sbape and Irra!glarity

an the mrecisiom of the results. It is shmon thmt such factors as

(I) the irrogular shape of the orystals, (2) the fact that the enois

of -ate swiple arc not e-actly at nodes 3.n the field at all frequencies,

(3) the very large nu•ter of crystal defects present, etc., have

Cfei'; S on the values of the dielecriac constanuL dotorx.Uned by t,,e

prewlont tecihnique.
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-.easuru.oi.ntoi tiec ~iar~. on 'Live f~*. ,Lesi m' poy`tyronc Jr- tho

froeqnory raigro 33-142 .c -xO on f oux* =ý,A~ oýV ..olr-~tyrcmc in t.he

f ru(c,.ancy range 45-4-ý Sine One ezriple of . -1or~d azidu a-nd four

Ow23e of (-lend azide -,ore atudJ ed in t, o ierquor cy rrzge ~-9i

Thoý,O "~Ide w~.l~iorc of vaviowvj, sizes * Tito i!,n) i',,od '"rom.

0.05 rvg to 1.3 ;:iC t.comnes-oidinr!,. volmwlca nf 1.0 xIlG5 to

2.7 x 1073 orn3 a '2o volmioca weyrc malculatod ui t ,oU. tho litorai;ý,re

danz.-Otty values as dator : nod tyx-ray c1i. acti.or a4id thc m:.Spla1

wijJr.This Zuct is mr-tify."ed1 becat.se the uotl'od does not toaLc !rto

acaount p~ rosornco crZ crystal del'octse

All taeuawuranI -S wowo Unkon Qs doscribed in an earlier reoirt

Aaoh a%,try repror'ontj rm avom;re of t0oilccmr:I!& The Ti0 1 8 1012 d

ua~s uaoed Wm'ougnout, ond( Lho w.4idthc' tL e;ae cre ~ 1

takoi; at -7.0 db for the Q morsure:-imits -*,- 40.' caase,.

Instrtimental dif~'iult:'os bave p gIM :hwr o~tnooy

Firs'&- zi. riiplo in tl-io klystrori poxmr mixpojlv, misi: un ar~teady

r-f outpu'L., i'orkiclooed. ovor-y atternjyb at ati.nij mieong rul da cýa.

This wa~q foliowfcqic 'G roublo t.dth the sopctrari anlzao used to put

:rzrkezr on tIho oscilloaeopo trcac of pueoer versx-uq, Zi'cqucncyv In or.eh

of these cases UrIDUCcessfZul. a-.s:~owere w~oto correct the iml-

.I.WnotIons in t~his laboratory. AsuistLAnce wans o'.tralnod fro~i:. tile

EJloctronics Service Section at ERDL at Tor-k- IBolvoir ctthe mlfmo~tions

coculd n~ot, 'o iso'lated and ecrre-c lede Ffinally the pouwcir sotLrce -L1Z1,

and ,I-~x: s teo 'zuzi ar~al,ý.zr lere -returned to the 7-vuiufac ý.uaerp P'olocrad,1

ie*$, In New York* After coa..plete overhatul , V.Kc, instowzonts aro, now



: :Iatnin5g properly..

Considera.'Aa tinc and offort wero oxper-dedr. int clberpta to

deo~iLn and *=ild a shutter w~iiwould fricIA4tato nmet uccelorato

thie Q-i-mtlsurejctmt-s A drnmzinJ or~ ono deni~gn was Ino~ one olC the

aarlier reports. Desrign- ofC such a shut-4ox' for a sixglo frequency wouJld

niot pr~es ent naj or difficulties; but, a shutter tGo covor v. wid-C rmlgp of'

7,reque-nioci prosonts pro6lc.ia whIch, as yetp,,-c hzý.e ot vovcd

TD Ovor'y atoitwhiohl we hk.,vo rfrxle, oitkieý,the lo,-e, at the shuttor me

too largeu or daiA) ..Tero nob re-j cdluciblc 'Th it is t~hought that

thu dresigm of such-. a sutris quite ~e~~1,it mas consider-ed

Ihdisb~ to On2frcnd m.-ore t'imec in thio diroction at t1*is i7O

1119 TAULATI-0CF DATA

The observod data a"e rocordod IrL t&~e3 I-Ae In table 3

are recordod all data noe ',sary f7or calc-tlatliorin o t'i rma diolctric

constant of? lead azida. The valuesca tef r &al d .octric consant 4,U
calculated from th-is data are recorded in 71.l IT lVe correspolic' rg

data for polyntyrone are reoorded in ta~olos III ay~d V&
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rhoi exoxrresiori Z or thc real diolodtric 0out it

Th6.ýro fa iao the rcso-n--co ^ equ ony of tic ocrvity, Af Is the ahl~t 'bi

reoanan.ce frequen~cy of tLhe cnvf~ty on intro~lction o2 - ee< i VC

anci. V aare the voJ.)--Or of the ca-vity, o'id t2'h a>io roe peclivel::,-

mnc7 G is- given byi*080

G f02 d2(2)

11ero o is tLhe ve3.ocit-,. of~ lignt, 3 din thei diJ.iete. Of 'the

cn.vlityj, and ±'o has beer darimxce' QOoves.

The quantity Af is read -I-*,- 7~: Genoral 2udio cnci~llator

as doocriued. Ln -.n earlier re-nort. c aldij,':. tiotn of! tids

--net~f.-mo:1eft Li' icate~i thavt it is noeulrltr to rp 1 .2the i,1a t Io

up'~ceo- in the powor versus frelquency pl.ot oh tule o :13.lotiope i3crnJeu

w~lili eerwe as nark,-ra bhav a length -uhich is ,lopendient oni the aji.,)!!.-

fication in ther four-charnel a,Ž-plifier. Thaeoc fiactons, t~long with.

Cluctuation of ^ 4oquorncy along, the frequecmy-axis of the oscilwocope,

inorease the error to about, 2-2 .5f A typical e~~~of Af valuesn

arc those for sa~penunber 2 lead uci:ýdo Zhey asi- 2.1.5, 2,2.,230

23.0, 22.5, 22.7, '2.C, 22.2 nandt 22.2 T-c with vii avez':ago valuie of

,ic. This range of±O. *5 c..oorresponds to ;kO02 urdts- of or

about 2%- asmuning all other. errors are noglIgible *

1. E. Fe LabUda- dnd Ate Co LeGruw', Re. li nstrwi~enLs 32" 391(196.1).
2. Culluration purforraod byr the Genoral flýdio 0 ai.M'.ny.
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'Me quanrJt-y f'o is easiily read tWo 0,01 Kme w.r1ch gives 1

part in 4000 in the 40 &ca region and above, fiat tblis is a wave

meteor reading wid is dependent on the Q of the wavepeter cavity,

This effect reduces the oort-inty of .4 to about I in 400 based on

the span of the frequenoy-axis of the oscilloscopc,

The size of the oavit,% is sufficientl,. large to make the error

in its volume small a.sof Since V is given oy rr2i, where r is

the radius and the length? its error can be calculated exautly,

Ave = 2 1Trkr + TTr~j (3)

.. ioxe AV Ar ant- Lre the errors in the vaju-n * razdiuo and length

of tie.s oavityp"rcspeo tively, The cavity i.as inmahlned such that,

the error in r and.A is about c0"3 am for each, With order of

magnitudes of r and of 0,p5 O and 1,0 c:, respectively', .• A

4 x Ir34 , U8ncp. V is about 0,5 OM3 , the error ill Va is about
0

The error 3z Vat the volume cf th:e sa;r;!e is not easily

ostinated, In the milligra,. range the we_,h- of the sanples cian be

dcterrdued to a miorograry This would easily Aeled about 2. part in

1000 but the density is n9t kn(nm as well, iore ,011- be said about

this Problem beloa.t For ýhe present the e•ror in V w-il1 be auss6Ced

to bo a the sane qrdor ps that in V. Thus it a;],pears that the

error in Af at 2w5f is the largest sinle error factor and we expect

pn taio basis that the error in .d' to ie approximatoly +3%,



V. DINSS101'Y~

The Oa&ýa oni 4' -leac! azý_dep v*r.1 to la-vitod, teind to coenim~

our ccnclual on of the error in thin L~ethod* iThfis io also truae iWhOr

ne.ioaurcenents on the onl~o =-.0.e of ig-load azi'Lo arc considorod.

o.a*revor, when. dir,'erent =7-plegA of R -load n.-iie arc cc.-ntrc6.

at the' saze -fe-pezeoa, the agreej:ont ic or rpxn[ ag --ror, abeivt 9-22

at 39 Itao and about 10-15 at 4:9 Zhu 3.iclh `!lt~tuat~ ann

are eioarly outsidle the ra.nge of oxperi~Aental error*

As statoci earulor a otudlr of seva-Val saw'pics at, the Sanic

f1roc-luency arfords. an opportun1~y to evtluato the effect -of Irroga~ritler

:t h hpe of the ornuploe While tho oxryotaJln stti-&id appear "o~

very mriall para~lllepi.peds mhon vx~xo it:.3 tba nakcri. eye, with

Visa5 aid of a -microscope the Pace-, are onscrer'd to 'ac amewhat

irrogvlare This :teans tlwat instead of Ovin ~th aoalecrystal,

we havao a lar';O nuimbor ef --liczo-crystal.se It mcay be t~u).t the bi~oloc-tric

consntant tralcanclw-, dil-crnt axo inciCee; t~wt i's tbe say it

a ay Ž a ensor iyiotead of a noaalpnr. If t]iJs wvere tmue, l;ry

ozrientatIon, would ae la.cttho lral-U3. of obs.-:,-vod* 1Uethodu

to Cdetect tuh.i's TYj UO:Ixt a Ixv'~orredjOj itwtim bavu not bQon attenptea

Ocwle of tovzcry mnall ~ol and fralj-iltlr of thonso c:y s,*avJ.!3. A

tenth off a ~i~~a:c'tj. !sah ,Ic'! is abort1!. 14 ;; lICY. is not O&asily

oriezatcd, altlhouwý. ncothodo could be e.ov~re6..

When vie-.wed vndcý EL microncoopo, it Is ovIde-nit tbat those3

lr~ ave nwiýr~ ,,'ults anti, ;Jfects. Theso -rakeh cek.e xuzspLieiuoý of

the use of the densi!.;r ao ee~~ndi~ -a difraCt3~on It L

realized that the Ile Or salz:jle vc~.o alculntod in thia maarnor nnay
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produce fluctuation in cbut no other method for determination

of densities of those small crystals has been found in the

literature or devised by us.

Another factor which should be considered is the fact that

the sample increasingly reaches beyond the nodes in the field

as the frequency is increased. Although the ends of the sample

were positioned at nodes for the lowest frequency, this is

true only at that frequency. This effect may be reflected in

the increase in C- with increasing frequency, although it in

more likely to have the opposite effect.

It has been observed that these small crystals will pick

up (what has boon interpreted as) free surface charges. The

effect of this phenomenon, if any, bn the exporimiental results

is not known.

Finally, we point out that the rise in with frequency

may be a response similar to that predicted by the results of

classical electromagnetic theory.3 On the other hand it could

preface the resonance one would expect if the azido ion has a

3.Z ground state. 4

3* See for example: "Dielectric Materials and Applications",
John Wiley and Sons, Inc.

4. M. Mizushina, Second Quarterly Report, October, 1958-Januarys1959,
Project Merty, ERDL, Fort Belvoir, Virginia.
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VI* PRESENT STATUS

At the present tine we are detoneining for

load azide in the 50-60 Knic rango Since the Polarad EHF power source

does not cone equipped with "plug-in" units above 50 Kne, it was

necessary to design a "du/nry" panel and alter the circuit such that

bean voltage, reflector voltage, grid voltage, modulation, etc.,

could be controlled fron this panel. In this way we arc able to operate

a klystron of any frequency range with this supply unit. This is

not the most efficient unit however. Frequent interruptions are

caused by malfunctioning. The problcrn has recently bccn solved

by the purchase of an FR Universal klystron supply. This was

thought advisable since the klystron power supply presently being

used in the microwave spectrograph doecs not belong to this project.

Recently, the two matched klystrons (QK-295),

which together cover the 50-60 Mac rango, have been giving trouble.

They have boon returned to the Raytheon Company and as yet no word

has boon received ooncerning them. This has forced us to attempt to

gonerato power in this range by using a lower-range klystron coupled

to a harnonic multiplier. The frequency of this klystrcn is such

that the second huarmonic would cover a large portion of the 50-60

Kn1c range. So far we have not boon able to detect the second harmonic.

As soon as microwave power is available, the

50-60 Knc range can be rapidly studied, barring any other serious

malfunctioning. Indeed the waveguide circuit is conplete up through

the 75 Kric point except for a ravity and the necessary klystronso


